High rise building movement monitoring using RTK-GPS (case study: Menara Sarawak Enterprise) by Shu, Kian Kok
 
 
 
 
CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Deformation refers to the changes which a deformable body undergoes in its 
shapes, dimension and position. Deformation survey can be used for obtaining 
information about the stability of some objects like natural or man-made objects. The 
man-made objects such as large engineering structures are subject to deformation due 
to various factors: changes of ground water level, tidal phenomena, tectonic 
phenomena, land movements, or any other natural disasters.  The large engineering 
structures include dams, long span bridges, high rise buildings, reservoirs, sport 
domes, planetariums, Olympic stadium etc. Therefore it is important to measure this 
movement for the purpose of safety assessment as well as to prevent any disaster in 
the future. 
 
 
A high-rise building is defined as a building 35 meters or greater in height, 
which is divided at regular intervals into occupiable levels (Emporis, 2004). To be 
considered a high-rise building an edifice must be based on solid ground, and 
fabricated along its full height through deliberate processes (as opposed to naturally-
occurring formations). A high-rise building is distinguished from other tall man-
made structures by the following guidelines  
 
 
i. It must be divided into multiple levels of at least 2 meters in height;  
ii. If it has fewer than 12 such internal levels – see Figure 1.1, then the 
highest undivided portion must not exceed 50% of the total height. 
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Figure 1.1: General Definition of High-rise Building (Emporis, 2004) 
 
 
Nowadays, there are much more large and tall engineering structures (high 
rise buildings) than the past. These structures are designed to be much more flexible 
and to resist extensive damage from changes in temperature, severe wind gusts and 
earthquakes. Structural engineers require precise, reliable instruments to resolve their 
concerns about angular movements, displacements and structural vibrations. Hence, 
some actions can be taken before the disasters strike. It can save lives, avert large 
financial liabilities and avoid severe environmental damage. 
 
 
In general, there are two types of technique in deformation survey, i.e. 
geodetic surveys and non-geodetic survey (geotechnical and structural). Geodetic 
survey using total stations, precise levels, Global Positioning System (GPS), etc can 
be based on absolute and relative networks. Deformation detection via geodetic 
method mainly consists of two step analysis independent least square estimation 
(LSE) of each epochs followed by deformation detection between two epochs. On 
the other hand, geotechnical and structural methods use special equipments to 
measure changes in length (extensometer), inclination (inclinometer), strain 
(strainmeter) etc. 
 
 
In contrast, the GPS technology can measure directly the position coordinates 
and nowadays relative displacements can be measured at the rate of 10Hz or higher. 
This provides a great opportunity to monitor, in real time, the displacement or 
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deflection, behavior of  engineering structures under different loading conditions, 
through automated change detection’ and alarm notification procedures (Ogaja et. al., 
2001). 
 
 
One of the most recent real time GPS techniques to date is RTK-GPS. Such 
real-time application had been widely used in various survey applications and 
navigational purposes, regardless on land, at sea or in the air (Rizos, 1999). RTK-
GPS can achieve the accuracy of ± 2 cm + 2 ppm. In RTK-GPS configuration, a 
receiver is placed on the reference point with known coordinates as reference station. 
This reference station will continuously transmit correction message to rover 
receiver. For example, a fully automated monitoring system using RTK-GPS 
technique had been implemented successfully in Dam Diamond Valley Lake, 
California. This system will provide the information on the displacement of the 
monitoring points weekly (Michael et.al., 2001). 
 
  
High rise building research was carried out at Menara Sarawak Enterprise 
which is located at Stulang Laut, Johor Bahru (see Figure 1.2). The height of the 
building is almost 120m above ground. The building’s structure is consisted of 30 
storey tower and 3 basements as car park level. Each storey is about 3.5 meters in 
height.  
 
 
 
 
 
 
 
 
 
 
Figure 1.2: Menara Sarawak Enterprise 
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1.2 Problem Statement 
 
 
Since our national high rise buildings inventory are aging and they are 
carrying more and more loads, the need to monitor high rise buildings’ performance 
has increased significantly over the past few years. High rise buildings require 
careful provisions of life-safety systems because of their height and their large 
density of occupant. Therefore, both for maintenance and repair planning, high-rise 
building monitoring is becoming increasingly important. What's more, structural 
deformation and deterioration problems faced by the high-rise building authorities 
are very similar to those faced by dam, large span bridge, and highway and railroad 
authorities. 
 
 
In satellite surveying, static GPS positioning technique is perhaps the most 
common method used by surveyors because of the high accuracies it can obtain. In 
general, one to two hours is a good observation period for Static GPS baseline up to 
30 kilometers. Static GPS method can be used for deformation detection. However, 
this method is not suitable for continuous deformation monitoring because Static 
GPS methods cannot provide data continuously compared to Real Time Kinematics 
(RTK) GPS positioning technique. A high precision, carrier phase based, RTK-GPS 
has been considered to play an important role as an alternative technique to the 
geotechnical methods or in addition to such a sensor (Ogaja, 2000). The notable 
advantage of using RTK-GPS is that this technique can detect deformation if the 
structure has drifted (a few cm) relative to some reference or baseline while 
accelerometers can not detect, directly, the absolute or relative displacements of the 
structure (Ogaja, 2000). Therefore, the aim of this study is to analyze the potential 
application of RTK-GPS method in deformation monitoring purpose of high rise 
building. 
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1.3 Research Objectives 
 
 
The objectives of this study have to fulfill the following requirements:- 
 
 
i. To study the ability and efficiency of the continuous RTK-GPS 
method in high rise building’s deformation detection. 
ii. To develop program for monitoring movement using Kalman Filter 
algorithms. 
 
 
 
 
1.4 Research Scopes 
 
 
The research scopes of this study involve:- 
 
 
i   To carry out the GPS data observation in continuous RTK-GPS 
technique 
ii. To process and analyze the data in order to get the pattern and  
magnitude of the deformation. 
iii. To study the ability of RTK-GPS to be applied in high density  
construction area. 
 
 
 
 
1.5 Significance of Study 
 
 
The significance of this study includes:- 
 
 
i Develop a RTK-GPS movement monitoring system with the aid of 
Kalman Filter on high rise building.  
ii Determine the type of the errors caused by RTK-GPS observation in 
movement monitoring. 
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1.6 Research Methodology  
 
Research methodology is divided into a few stages in order to achieve the 
objectives of this study (see Figure 1.3). 
 
 
Literature Review. 
Calibration of GPS Instruments  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Design the Control and Monitoring Stations’ Network. 
Field Data Observation. 
Analysis and Results 
Conclusion and 
Recommendations 
Data Processing 
Develop KFilter Program Using Matlab Version 6.1 and 
Kalman Filter Method for Movement Monitoring. 
Simulation Tests. 
Figure 1.3: Flow of Research Methodology 
 
 
 
 
 7 
1.6.1 Literature Review  
  
 
 Literature reviews were carried out on the concepts of GPS, deformation 
surveying, structural monitoring, and the understanding of the GPS instrumentation. 
Calibration of GPS instruments (Trimble 4800 series and Leica System 500) had 
been carried out to ensure the instruments in good condition to perform the GPS 
observations. At this stage, the GPS instruments were studied to ensure the 
instruments can carry out continuous Real Time Kinematics technique with one 
second sampling rate. Both of them are dual-frequency (L1 and L2) and able provide 
high precision results. 
 
 
 
 
1.6.2 Field Data Acquisition 
 
 
Before field data acquisition has been carry out, the control network and 
monitoring stations should be designed and placed in suitable locations. In this study, 
Trimble 4800 series and Leica System 500 observations had been used to carry out 
for two epochs. First epoch had been carried out on 21 December to 23 December 
2004 whereas the second epoch had carried out on 28 April 2005 to 29 April 2005. 
 
 
 
 
1.6.3   Development of KFilter Program 
 
 
 KFilter program had been developed using Matlab version 6.1 and based on 
the Kalman Filter algorithm for the object movements monitoring purpose. The 
program will read continuous RTK input data from GPS receiver and performs 
movement monitoring analyses with the help of Kalman Filter algorithm. The 
program will give some warning alarms if it detected displacements from the 
observed data. Beside that, the simulation tests had been carried out to ensure the 
reliability of the developed KFilter program in movement monitoring. 
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1.6.4   Observation Data Processing 
 
 
The observed data had been processed using certain commercial software or 
self-developed program. The continuous RTK data had been downloaded to Leica 
SKI-Pro and Trimble Geomatics Office. The output files with its suitable format for 
the developed program will be created. The program which is developed using 
Matlab v6.1 will perform its analysis based on the observation data. 
 
 
 
 
1.6.5   Analyses and Results 
 
 
Analyses in this study include the reliability of the observed data and the 
effectiveness of the program in determining the stability of the high rise building. In 
this study, the program will perform structural monitoring analyze on the GPS 
observation data.   
 
 
 
 
1.6.6  Conclusions and Recommendations 
  
 
 Summarizes findings, make conclusions and recommends topics for further 
investigations. The prospects and limitations of continuous RTK-GPS technique 
were also presented. 
 
 
 
 
1.7 Thesis Overview 
 
 
 
Chapter 1 described the important of the deformation monitoring for high rise 
building using Global Positioning System (GPS). The problem statement, research 
scopes and the significant of the study had been described. 
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Literature review is an important stage of this study to ensure that the 
research can be carried out successfully. It was discussed in Chapter 2. The types of 
material of high buildings were stated out in this chapter. The factors that affect 
concrete strength of the buildings were explained. The RTK-GPS was used in this 
study for movement monitoring. Thus the introduction and literature review on the 
RTK-GPS were stated out. There were included the errors of RTK-GPS observation 
and its configuration. 
 
 
The program for movement monitoring with the help of Kalman Filter 
method had been developed. Therefore, the introduction and definition of the 
Kalman Filter method including its algorithms were elaborated in Chapter 3.  
 
 
The calibration of GPS instruments and field data acquisition is the most 
important stage in the study and discussed in details in chapter 4. 2 epochs of 
observation were carried out in the study. Setting up a deformation network which 
consists of selected reference stations and the monitoring points is necessary. The 
GPS observations were carried out using GPS instruments, Leica GPS System 500 
and Trimble GPS 4800 System. Meanwhile, the software used for data downloading 
and data processing were Trimble Geomatics Office and Leica Ski-Pro. The 
simulation test was carried out to ensure that the developed program can detect the 
displacement or vibration successfully. 
 
 
Chapter 5 discussed the calibration and simulation tests analysis results. 
Besides that, the stability analysis of Menara Sarawak Enterprise using developed 
program had been carried out. The analysis was verified by other program, such as 
GPS Deformation Analysis Program-Bayrak (Turkey) and GPSAD2000-Boon 
(Malaysia). This increased the reliability of the analysis for Menara Sarawak 
Enterprise movement monitoring. 
 
 
Lastly, chapter 6 presented the conclusions of this study. Some 
recommendations had been proposed and considered to improve this study. 
 
 
